Abstract : me experimental approach (M.I.l,R.) of the acoustic scattering from cylindrical shell bounded by hemispherical endcaps, in the case of axial incidence, has enabled the identification and prediction of resonances due to the surface wave S& Experiments show that certain wave propagation phenomena produce irregularities on frequency spectra which complicates the interpretation of the results. lrr order to explain these phenomena a numerical model for the shell with the possibility to include structural non-uniformities is considered.
The interest for understanding of the acoustic scattertig process from targets of complex shapes is caused by various technical applications, as hydroacoustics. This study is concerned with the acoustic scattering on an air filled ftite cylindrical shell bounded by hemispherical endcaps, made of stainless steel @ =7900 kg/m3, CL=5790 ds and CT=3 100 tis) and immersed horizontally in water @l=l 000 kg/m3 and C1=1470 ds). The object has an external radius a=27 m, ratio b/a=0,97 (b : internal radius), shell thickness e=O.81 mm and ratio L/2a=2 (L : total length of the object). Previous studies of this target, in the case of axial incidence, has revealed the formation of resonances due to the SOwave. These resonances were identified by applying the phase matching condition over the meridian circumference (1) . However certain predicted resonances were not observed experimentally or were hardly detected. Besides, experimental studies in time domain have suggested the generation of the A wave with conversion phenomenon (A wave to SOwave) at the cylindrical shell-sphere junctions (2). Such irregularities in the expertiental data may be caused by non-uniformities of the structure as joints and solders. The form function of a similar target computed by a numerical method has been analyzed recently (3) without account of non-unifofities in structure. The aim of the present study is to reveal the influence of the structural nonuniforrnities to the wave propagation in finite cylindrical shell.
VAL~A~ON OF A NUMEMC& MODEL
Numerical solution of the problem is based on the FEM procedure using shell type elements. The Green finction of the structure is obtained by FEM and is further used in the boundary element solution scheme using SYSNOISE (4) software. Thus the vibro-acoustic response of the fluid-loaded sticture can be found using both physical and modal coordinates, In order to take account of attached substructures, the corresponding modal basis of the structure shouId be considered.
The experimental monostatic setup W used in the study consists in sending a short pulse by a transducer (of central frequency of 200 kHz) and receiving the re-emitted signal from the object using the same transducer, for further processing. Fig, 1 presents the comparison of the eigenfrequencies of an adjusted experimental backscattering spectrum and a calculated backscattered pressure plot from a cylindrical shell bounded by hemispherical endcaps without internal inhomogeneity.
The computation shows the position of the SO wave antiresonances and the A wave (also called Scholte-Stoneley wave) resonances in a frequency range k,a= 12 to 28. These two types of waves can be easily identified by visualization of modes of vibration of the submerged structure. Generally the SOwave antiresonances agree well with the experiment, except for some frequency intervals where the spacing of the antiresonances seems to be irregular in the experimental curve e.g. for mode NsO=9 in Fig. 1 . The object used in the experimental study has been manufactured with internal solders at sphere-cylindrical shell junctions. In order to illustrate the effect of an internal structural inhomogeneity, the Fig. 2 presents the superimposition of two calculated backscattered pressure plots from two different objects. me fust one is a shell without inhomogeneity (perfect object) and the other one is the same shell with an internal annular inhomogeneity of thickness 3e (in radial direction) situated in the middle of the cylindrical part of the target. The phenomenon observed on the Fig. 2 is the frequency shift of the resonances due to the SOwave. The odd mode eigenfrequencies are lowered and the even modes are shifted towards the higher frequencies. This can be explained by the fact that the inhomogeneity positioned in the antinode of the axial displacement behaves as an extra mass. Time domain computations of the echo signal from the structure with non-uniformities calculated by the bverse Fourier Transform has been compared with an experimental data. me comparison shows a good agreement between the computation and the experiment, so that computed echoes help to interpret the experimental results (2).
CONCLUSION
A numerical model has been verified by the experiment. Shown is that stmctural non-uniformities like solders can substantially modify the vibro-acoustical behavior of the structure. So they cause a shift of the SO wave antiresonances and also can generate some extra echoes making experimental results more difficult to interpret.
